Abstract Tibial compression can increase murine bone mass. However, loading protocols and mouse strains differ between studies, which may contribute to conflicting results. We hypothesized that bone accrual is influenced more by loading history than by mouse strain or animal handling. The right tibiae of 4-month-old C57BL/6 and BALB/c mice were subjected to axial compression (10 N, 3 days/week, 6 weeks). Left tibiae served as contralateral controls to calculate relative changes: (loaded -control)/control. The WashU protocol applied 60 cycles/day, at 2 Hz, with a 10-s rest-insertion between cycles; the Cornell/HSS protocol applied 1,200 cycles/day, at 6.7 Hz, with a 0.1-s rest-insertion. Because sham loading, sedation, and transportation did not affect tibial morphology, unhandled mice served as agematched controls (AC). Both loading protocols were anabolic for cortical bone, but Cornell/HSS loading elicited a more rapid response that was greater than WashU loading by 13 %. By 6 weeks, cortical bone volume of each loading group was greater than of AC (average ? 16 %) and not different from each other. Ultimate displacement and energy to fracture were greater in tibiae loaded by either protocol, and ultimate force was greater with Cornell/HSS loading. At 6 weeks, independent of mouse strain, the WashU protocol produced minimal trabecular bone and the trabecular bone volume fraction of Cornell/HSS tibiae was greater than that of AC by 65 % and that of WashU by 44 %. We concluded that tibial adaptation to loading was more influenced by waveform than mouse strain or animal handling and therefore may have targeted similar osteogenic mechanisms in C57BL/6 and BALB/c mice.
Introduction
In vivo loading is a well-established approach to increase bone mass and strength in preclinical studies [1] . In mice, axial tibial compression is a noninvasive loading method that can induce mechanical strains greater than those during habitual loading and thus stimulate cortical and trabecular bone changes [2, 3] . As more studies using axial tibial compression in mice are published, it is apparent that differences in loading protocols between studies may contribute to differences in findings, especially with respect to trabecular bone. No studies have directly compared different loading protocols.
Studies in nonmurine species have established the importance of several loading parameters, such as rest-insertion, frequency/strain rate, and cycle number, in the bone adaptation response [4] [5] [6] [7] . In particular, rest-insertion enhances the response of bone to in vivo mechanical loading [8] [9] [10] . With that understanding, we (WashU) [11, 12] and others [2] have applied axial tibial compression to mice for 40-60 cycles/day, with 10 s of rest between each 0.5-s load-unload (2 Hz) ramp. This approach upregulates osteoblast/matrix genes in the tibial diaphysis and leads to increased cortical bone volume, predominantly by periosteal expansion [12] . However, this same loading regime was reported to reduce trabecular bone volume in adult (3-7 months) mice [2, 11, 12] . In particular, we reported a 25 % lower trabecular bone volume fraction (BV/TV) in loaded limbs compared to contralateral controls after 2 weeks of loading in 7-month-old BALB/c mice [11] . By contrast, others, e.g., Cornell/HSS, have reported increased cortical and trabecular bone volume with another loading protocol using axial tibial compression in growing C57BL/6 [13, 14] . Compared to the former loading protocol, the latter protocol applies 20 times more daily cycles (1, 200) , uses a negligible rest-insertion (0.1 s), and uses a faster loading rate (6.7 Hz or 0.15-s load-unload).
Although the different loading histories may have engendered the disparity in trabecular responses, several other factors may have also played a role. Bone adaptation to exogenous mechanical forces may differ with mouse strain. For instance, low-amplitude mechanical stimuli produce greater bone formation rates in C57BL/6 than BALB/c mice [15] . Similarly, C3H/He and C57BL/6 mice differ in their response to loading [16] , but these differences appear to be age-dependent and largely explainable by differences in baseline bone formation between the two strains [17] . The importance of age is further highlighted by the finding that 4 weeks of aging (8) (9) (10) (11) (12) weeks) in C57BL/6 mice completely alters the trabecular response to tibial loading from gain to loss [2] . Therefore, any comparisons between loading protocols will require age-matched animals. Lastly, differences in trabecular outcomes may relate to differences in animal handling. In particular, our practice is to transport animals to the lab for daily or alternate-day loading, whereas others perform loading in their animal facility. Previous data indicated that 5 weeks of daily handling and sedation induced trabecular and cortical loss in the tibia of 6-monthold male C57BL/6 mice [18] .
Our goal in this study was to better understand the conditions needed to produce anabolic cortical and trabecular responses to axial tibial compression in mice. Our objectives were to (1) determine the effects of animal transport and sedation on tibial morphology and (2) compare the structure and strength of tibiae from two inbred mouse strains subjected to two different (and previously published) protocols over a course of 6 weeks. We hypothesized that bone accrual is influenced more by loading history than by mouse strain or animal handling.
Methods

Experimental Design
Four-month-old female mice from two inbred strains, C57BL/6 and BALB/c (Charles River, Wilmington, MA), were used in the studies, approved by the Animal Studies Committee of Washington University (Table 1) . Right tibiae of mice were subjected to one of two noninvasive, axial compression loading protocols [3, 11] using a materials testing machine (ElectroPulse E1000; Instron, Norwood, MA). While under anesthesia and for all loading groups, right tibiae (n = 8 for each mouse strain and loading group) were positioned vertically and subjected to 10 N (peak force) of tibial compression, 3 days/week for 6 weeks. The applied peak force was comparable to values used in recent studies by us and others [11] [12] [13] [14] . The peak tibial force corresponds to a peak periosteal strain of -2,800 le in C57BL/6 mice (unpublished data) and -2,350 le in BALB/c mice [12] . (Note that these represent the peak compressive values, which occur at the posterolateral apex of the cross section; tensile values reported by others [13, 14] occur on the anteromedial surface and are less in magnitude for the same applied force.) The loading protocols were based on published reports from our group (WashU) and the Cornell/HSS group ( Table 2) . The left tibiae were not loaded and served as contralateral controls. Another set of C57BL/6 and BALB/c mice were not loaded and served as age-matched controls (ACs; C57BL/6, n = 8; BALB/c, n = 9). Animals had access ad libitum to standard mouse chow and water.
In order to assess the effects of animal handling, sedation, and transport on tibial outcomes, a separate set of BALB/c mice was subjected to sham loading and sedation, with and without transport to the loading machine. Shamloaded animals (Sham, n = 5) were sedated 3 days/week and their right tibiae placed in loading fixtures without load for 10 min in our animal facility. Transport plus shamloaded animals (Sham ? Trans, n = 5) received sham treatment and were transported (*150 m indoors) to the loading machine 3 days/week. A third set of BALB/c mice were not handled, sedated, or moved (except for lCT scanning, described below) and served as age-matched controls (AC, n = 9). Handling, sedation, and transport did not affect cortical bone volume or trabecular bone volume fraction (Fig. 1) . Changes with time of cortical and trabecular bone of left and right tibiae in Sham and Sham ? Trans animals were not different from those in AC animals (p [ 0.05). Some typical aging-related loss of trabecular bone was observed. For example, at 6 weeks, trabecular BV/TV tended to be slightly reduced in most groups, although the difference reached significance only in the right and left tibiae of Sham ? Trans and Sham animals, respectively (Fig. 1b) . Importantly, the temporal change in BV/TV did not differ between right limbs from the AC, Sham, and Sham ? Trans groups. Therefore, handling, sedation, and transport did not affect our outcomes of interest; and AC mice were judged to be suitable as controls for the subsequent loading experiment.
lCT
Right and left tibiae were scanned in vivo at 0, 3, and 6 weeks by lCT (VivaCT 40; Scanco, Brüttisellen, Switzerland) to determine bone morphology and mineral density. Scan resolution was 21 lm (70 kV, 114 lA, 100 ms integration time). Cortical volume of interest was assessed at the mid-diaphysis, 5 mm proximal of the tibiofibular junction, and spanned 34 slices (0.7 mm). Trabecular volume of interest was assessed at the proximal metaphysis, distal of the growth plate, and spanned 30 slices.
Automatic contouring was used to analyze all slices with a lower/upper threshold of 260/1,000 (340 mg HA/cm 3 ) to segment bone from other tissue [19] . The outcomes for cortical bone included bone volume (BV), total area (Tt.Ar), medullary area (M.Ar), cortical thickness (Ct.Th), and tissue mineral density (TMD). For trabecular bone, outcomes included BV/TV, trabecular thickness (Tb.Th), trabecular number (Tb.N), and volumetric bone mineral density (vBMD), consistent with reported guidelines [20] .
Whole-Bone Mechanical Testing
Post mortem, the left and right hind limbs were excised en bloc and stored (-20°C) until mechanical testing, which was used to assess the functional consequence of putative changes in cortical bone structure. Immediately before testing, tibiae were excised and cleaned of soft tissue. Tibiae were placed axially in custom loading fixtures at room temperature, preloaded to a compression of 0.1 N, and compressed at a rate of 0.03 mm/s until failure using a materials testing machine (ElectroPulse E1000). Axial compression tests the whole bone and replicates in vivo loading; failure occurred at the mid-diaphysis, which is entirely cortical bone. A custom LabVIEW (National [11, 12] lCT lCT/ mechanical testing Cornell/HSS loading [3, 13] lCT lCT/ mechanical testing Age-matched control animals (AC, n = 8-9) were not handled, sedated, or transported except for lCT scanning. Sham-loaded animals (Sham, n = 5) were sedated 3 days/week, and right tibiae were placed in loading fixtures without load. Transport plus sham-loaded animals (Sham ? Trans, n = 5) received sham treatment and were transported (* 150 m indoors) to the loading machine 3 days/week. The right tibia of WashU (n = 8) and Cornell/HSS (n = 8) animals were loaded 3 days/week. Left tibiae were not loaded and served as contralateral controls. All animals were imaged by in vivo lCT; tibiae from loaded and AC animals were mechanically tested post mortem a BALB/c age-matched control animals were also used as controls for loading Table 2 Parameters for WashU and Cornell/HSS loading protocols Parameter WashU [11, 12] Cornell/HSS [3, 13] Loading force (N) 10 10 Days per week (n) 3 3
Weeks (n) 6 6 Cycle (n/day) 60 1,200
Load-unload ramp (s) 0.5 0.15
Rest-insertion (s) 10 0.1 Instruments, Austin, TX) program was used to determine ultimate force, ultimate displacement, stiffness, and energy to fracture from force-displacement curves.
Statistics
Paired t tests compared right (''loaded'') and time-referent left (contralateral) tibiae. For all outcomes, the relative change due to loading was calculated as the percent difference between loaded and contralateral tibia: (loadedcontralateral)/contralateral. This new variable was used for further analysis because C57BL/6 and BALB/c mice differ in baseline morphology [21] . For morphological outcomes, three-way ANOVAs using loading group (AC vs. WashU vs. Cornell/HSS), duration of loading (0 vs. 3 vs. 6 weeks), and mouse strain (C57BL/6 vs. BALB/c) as factors were used to determine main effects. One of three methods of post hoc testing was used for each significant main effect. For significant loading group effects, one-way ANOVAs with post hoc Tukey tests compared groups at each time point. For significant time (duration of loading) effects, repeated measures with post hoc Tukey tests compared time points within each group. For significant mouse strain effects, unpaired t tests compared strains at each respective group/time point. For mechanical property outcomes, twoway ANOVAs using loading group and mouse strain as factors were used to determine main effects. Since previous data showed continual loss of trabecular BV/TV from contralateral tibiae over 6 weeks of loading [12] , we also determined loading-group effects on bone morphology and mechanical outcomes of contralateral tibiae using separate three-way and two-way ANOVAs and post hoc Tukey tests. Statistical significance was considered at p \ 0.05 (StatView 5.0; SAS Institute, Cary, NC).
Results
Tibial Loading Increased Cortical Bone Volume: Accrual Was Faster with Cornell/HSS Loading Independent of loading group or mouse strain, tibial loading increased cortical bone volume of the loaded side compared to the contralateral side, except after 3 weeks of WashU loading in C57BL/6 (Table 3) . In C57BL/6 mice, a difference in relative change of cortical bone volume between WashU loading and AC animals was not reached until 6 weeks of loading. By contrast, at 3 weeks, the relative change of cortical bone volume in C57BL/6 with Cornell/HSS loading was 20 % greater versus AC and 13 % greater versus WashU loading (Table 3 ; Fig. 2 ). At 6 weeks, the relative change of cortical bone volume in C57BL/6 mice of both loading groups was 16 % greater than that of AC, with no difference between loading groups. BALB/c mice responded similarly, except that there was a significant increase in cortical volume of WashU loaded tibiae at 3 weeks. While the net increase in cortical bone volume was not significantly different between mouse strains, the manner of cortical bone apposition was dependent on both mouse strain and loading history (Table 3) . In C57BL/6 mice and for both loading protocols, greater cortical bone volume in loaded versus contralateral tibiae was due to greater relative total area (10 %) despite greater relative medullary area (13 %). On the other hand, loading of BALB/c tibiae increased total area by 17 % and did not significantly change medullary area. Unlike the time-dependent differences in changes in cortical bone volume between loading groups, both loading protocols led to greater total area at 3 weeks as well as 6 weeks. Increases in cortical thickness between loaded and contralateral tibiae emerged with time and resembled changes to bone volume at 6 weeks, except for Cornell/HSS loading of C57BL/6 (Table 3 ; Fig. 3a) . The relative change of cortical thickening was less in C57BL/6 tibiae subjected to Cornell/HSS loading than WashU loading because the Cornell/HSS protocol prevented contraction of medullary area. By contrast, increases in cortical thickness in BALB/c tibiae did not differ between loading protocols. There were no significant differences in cortical TMD between the loaded tibia and contralateral control of any group (data not shown). There was no effect of loading on cortical bone morphology of contralateral tibiae; contralateral tibiae maintained cortical bone volume over the 6-week study duration.
Tibial Loading Enhanced Load-to-Failure Mechanical Properties
Loading led to improvements in some mechanical properties of the loaded tibia compared to the contralateral side, with similar relative changes for both loading groups compared to AC (Table 4) . Overall, compared to the contralateral tibia, ultimate displacement and energy to fracture were greater in tibiae loaded by both waveforms and in both mouse strains. Similarly, the relative changes of ultimate displacement and energy to fracture of loaded tibiae were greater than those of AC (Table 4 ; Fig. 3b ). Cornell/HSS loading increased the ultimate force of the loaded tibia by 18 % in both mouse strains, whereas WashU loading did not significantly change ultimate force (8 %, p C 0.10). On the other hand, in C57BL/6 mice, 6 weeks of Cornell/HSS loading resulted in lower stiffness of loaded tibiae versus contralateral controls, while stiffness did not change significantly with WashU loading (p C 0.19). In BALB/c mice, stiffness was not affected by loading. Post-yield displacement did not change with loading in any group or mouse strain (data not shown).
Cornell/HSS Loading Was Strongly Anabolic to Trabecular Bone
After 6 weeks, tibiae from both mouse strains subjected to WashU loading displayed mildly greater trabecular BV/TV than the contralateral tibiae, but the relative change of trabecular BV/TV was not significantly different from AC animals ( Table 5 ; Fig. 4) . By contrast, trabecular BV/TV of Cornell/HSS loaded tibiae from both mouse strains was greater than of contralateral tibiae. Moreover, the relative change of trabecular BV/TV of Cornell/HSS loaded tibiae was greater than that of AC tibiae by 65 % and of WashU tibiae by 44 %. There were minimal differences in trabecular BV/TV between loaded and contralateral tibiae at 3 weeks, except that the trabecular BV/TV of WashU loaded tibiae was less than that of contralateral tibiae of C57BL/6 mice.
The increases in trabecular BV/TV with loading were largely due to changes in Tb.Th, which demonstrated loading group, time, and mouse strain dependence. Three weeks of WashU loading increased Tb.Th in C57BL/6, but BALB/c required 6 weeks to thicken trabeculae (Table 5 ; Fig. 5 ). By contrast, Cornell/HSS loaded tibia from both mouse strains had greater Tb.Th at 3 and 6 weeks. Comparing mouse strains, relative change of Tb.Th at 3 and 6 weeks was greater in C57BL/6 than BALB/c mice. Unlike the potent loading effect on Tb.Th, there were few changes in Tb.N. Cornell/HSS loading of BALB/c mice at 6 weeks was the only comparison between loaded and contralateral tibiae that showed a difference (increase) in Tb.N. Lastly, the relative changes in vBMD with loading generally mirrored the changes in BV/TV.
Discussion
We subjected tibiae of C57BL/6 and BALB/c mice to two unique loading protocols (WashU and Cornell/HSS) for 6 weeks. Of the two protocols, the Cornell/HSS protocol applied more daily cycles (1,200 vs. 60), at a faster rate (0.15 vs. 0.5-s load-unload), with a smaller rest-insertion (0.1 vs. 10 s), and over a shorter bout time (300 vs. 630 s). We hypothesized that the loading protocol would influence tibial bone accrual more than mouse strain or animal handling. Strikingly, the Cornell/HSS waveform was more anabolic to trabecular bone than the WashU waveform at 6 weeks. The cortical bone response between the two waveforms was not significantly different after 6 weeks of loading, but the Cornell/HSS protocol induced cortical bone accrual faster than the WashU protocol. Accordingly, changes in most mechanical properties did not differ between protocols, although tibiae loaded by the Cornell/ HSS waveform were stronger than the control, while Fig. 3 At 6 weeks, in vivo lCT measured a cortical thickness at the tibial mid-diaphysis of age-matched control (AC), WashU loaded, and Cornell/HSS loaded mice. From the same tibiae, b energy to fracture was determined by load-to-failure tests. Data represent differences (%) between right (''loaded'') and left (contralateral) tibiae. Independent of mouse strain and waveform, 6 weeks of tibial loading produced greater cortical thickness. Cornell/HSS loading produced less relative cortical thickness than WashU loading in C57BL/6 mice but was not different from WashU loading in BALB/c mice. Energy to fracture was greater in tibiae of both mouse strains subjected to Cornell/HSS loading and BALB/c mice subjected to WashU loading. WashU loaded tibiae did not significantly change strength. Consistent with our hypothesis, mouse strain did not impact the overall tibial response to axial compression in terms of trabecular BV/TV and cortical bone volume but influenced the manner of relative changes in Tb.Th and cortical accrual, which were greater in C57BL/6 than BALB/c mice. Lastly, handling, sedation, and transport did not affect mid-diaphyseal cortical bone volume or metaphyseal trabecular bone volume fraction. Together, these data demonstrate that the disparity in bone response to tibial compression between WashU and Cornell/HSS loading was elicited by loading history and not mouse strain or animal handling and that the Cornell/HSS waveform was a more anabolic stimulus, especially with regard to trabecular bone.
In clear contrast to the minimal effect of WashU loading on trabecular bone, 6 weeks of alternate-day tibial compression using the Cornell/HSS protocol robustly increased trabecular BV/TV in both mouse strains by trabecular thickening as early as 3 weeks. Cornell/HSS loading increased trabecular bone outcomes similar to 4 weeks of climbing in mice [22] and 3 weeks of running in rats [23] . In other studies using physiologic, noninvasive tibial compression, lower-magnitude compression (-3 N) applied 5 days/week from the Cornell/ HSS laboratory also led to a time-dependent increase in metaphyseal volume but relatively mild changes in trabecular BV/TV [3] . Increasing the tibial compression magnitude (-11.5 N) applied in growing mice stimulates a more robust osteogenic response of trabecular bone that is detectable at 2 weeks [13] . The earlier appearance of change in trabecular BV/TV in their 2-week study compared to our 3-week time point may have been due to the greater number of loading bouts per week (5 vs. 3 days/week), triggering greater osteogenesis [24] . Similarly, Cornell/HSS loading engendered greater and earlier trabecular thickening than WashU loading, resulting in greater trabecular BV/TV in both mouse strains at 6 weeks. Between mouse strains, trabecular thickening was greater in C57BL/6 than BALB/c mice, perhaps due to fewer initial trabeculae in C57BL/6 mice.
Unlike Cornell/HSS loading, tibial compression using the WashU protocol led to minor increases in trabecular bone and its impact on trabecular bone has been inconsistent. In the current study, 4-month-old mice loaded to -10 N with the WashU protocol lost trabecular BV/TV at 3 weeks but had mildly increased trabecular BV/TV and significant trabecular thickening by 6 weeks. Previous studies from our group [11, 12] and others [2] conflict with these results, where WashU-like tibial compression exacerbated age-related loss of tibial trabecular bone in young adult mice (3-7 months old), regardless of strain (C57BL/6 or BALB/c) or duration of loading (2-6 weeks). In the same studies [2, 11, 12] , WashU-like loading of tibiae of growing and old mice (2 and 22 months old) displayed mild osteogenic trabecular responses. The reasons for the inconsistencies are unclear, but knee trauma may influence the effect of loading on metaphyseal trabecular bone. Ko et al. [25] showed that 6-month-old C57BL/6 mice subjected to daily Cornell/HSS tibial compression for 6 weeks at -9 N experienced damage of the articular cartilage, acute epiphyseal trabecular loss, and no change in metaphyseal trabecular bone, whereas growing mice (10 weeks old) can increase metaphyseal trabecular bone after 1 week of tibial compression and, by 6 weeks, incur less articular damage and similar epiphyseal trabecular bone loss than 6-month-old mice. It is possible that the anabolism of WashU loading for trabecular bone was confounded by differences in the degree of knee trauma between experiments, contributing to different trabecular outcomes between Table 4 Mechanical properties of left (contralateral) and right (''loaded'') tibia from C57BL/6 and BALB/c mice at 6 weeks studies. Similarly, the Cornell/HSS protocol here was a potent anabolic stimulus for trabecular bone of young adult mice (4 months old) at 6 weeks, but periarticular damage may still have affected the anabolic potential of the Cornell/HSS protocol. Overall, reduced loading levels that would minimize knee injuries but still stimulate bone formation should be investigated.
In support of previous studies [12, 14] , axial tibial compression using both protocols increased cortical bone volume in both mouse strains by periosteal expansion despite a lack of endocortical accrual, which is normal with aging. However, Cornell/HSS loaded tibiae had a greater change of bone volume at the middle time point (3 weeks) than WashU loaded tibiae, but the disparity in bone volume accrual between protocols was normalized by 6 weeks. Clearly, tibial compression is anabolic to cortical bone [2, 3, 11, 12 ], yet mechanical properties of ''adapted'' tibiae have not been previously reported. Overall, in the current study, both protocols increased the ultimate displacement and energy to fracture of tibiae loaded for 6 weeks. Despite accrual of cortical bone, WashU loading did not significantly increase tibial strength as would be expected [26] , although nonsignificant trends were noted. Our study may have been underpowered to detect these modest changes (mean 8 % for ultimate force of WashU groups). By contrast and similar to jumping exercise [27, 28] , Cornell/HSS loading led to significantly greater tibial strength (mean 17 %) in both mouse strains. On the other hand, both loading protocols led to unexpected declines in stiffness, which reached significance for the Cornell/HSS loading in C57BL/6. The basis for the decrease in stiffness with loading is unclear, especially given the increase in cortical bone volume and strength; but the decrease in stiffness suggests that the loading protocol may have damaged the preexisting bone. Further investigation is needed to evaluate the quality of the preexisting and new bone. Our study had limitations. One limitation was that we did not include additional control groups that could discern the effects of each loading parameter. Nonetheless, we hypothesize that the twofold higher mechanical strain rate/ frequency played a key role in the greater anabolic response to the Cornell/HSS protocol. In previous work [5] , doubling the strain rate from 72 to 144 N/s of rat tibiae under four-point bending, while maintaining the same frequency, increased the relative bone formation rate in the endocortical surface over threefold and tripling the strain rate increased it fivefold. Similarly in mice, doubling the frequency of ulnar loading from 5 to 10 Hz increased the relative bone formation rate in the periosteal surface by 70 % [6] . The difference in cycle number between protocols was less likely to be important as the osteogenic response to high-magnitude strain (comparable to the current study) is reported to saturate above 36 cycles/day [7] . The greater rest-insertion between load cycles for the WashU protocol should have been to its advantage [4, 8] , but it is possible that any relative benefits were offset by the lower strain rate and fewer cycles. We note that the ''rules'' for how loading parameters influence bone formation are based on experiments focused on cortical bone and may be different for trabecular bone. Indeed, the greatest difference between protocols was in trabecular bone, while differences in cortical bone were modest or transient. Additional work is needed to determine if loading parameters have differential effects on trabecular and cortical bone. A second limitation of our study is that the estimated peak (mechanical) strains differed by *20 % Fig. 4 In vivo lCT measured trabecular bone volume fraction at the proximal tibial metaphysis of age-matched (AC), WashU loaded, and Cornell/HSS loaded mice over 6 weeks. Data represent differences (%) between right (''loaded'') and left (contralateral) tibiae. Independent of mouse strain, 6 weeks of Cornell/HSS loading produced greater trabecular bone volume fraction than WashU loading or AC. These differences were evident at 6 weeks but not 3 weeks. between C57BL/6 and BALB/c mice (-2,800 vs. -2,350 le, both loaded at -10 N). Our main objective was to compare the two loading protocols, but this difference makes it difficult to make decisive conclusions about the relative differences between mouse strains. With only a few exceptions, the relative loading effects were similar in the two mouse strains.
In conclusion, we sought to compare the structural and mechanical adaptation of tibiae in two common inbred mouse strains to two unique loading regimes over 6 weeks. Both loading protocols induced greater cortical bone, but the Cornell/HSS protocol induced peak cortical bone volume earlier and a greater accrual of trabecular bone compared to the WashU protocol. The minimal difference in relative bone accrual and strengthening between C57BL/6 and BALB/c mice suggests that tibial loading targeted similar osteogenic mechanisms innate to both mouse strains. Further, the lack of impact of animal handling, sedation, and transport on tibial morphology indicates that any bone changes were imparted by localized loading. Ultimately, while the mechanism(s) underlying the osteogenesis observed here requires further study, the anabolic response from Cornell/HSS loading indicated that it is well suited for studies seeking a robust structural response in cortical and trabecular bone.
